Objectives: Epidemiologic studies on eosinophilic esophagitis (EoE) are scarce and patient responders to proton pump inhibitor (PPI) therapy have usually been excluded. We aimed to evaluate population-based incidence rates, prevalence and trends in adult EoE over the past decade, including responders to PPI therapy. Methods: We conducted an analysis of a prospectively established case registry in the health area of Cáceres, located in midwestern Spain. From the first EoE case diagnosed in 2007, endoscopy and pathology reports up to December 2016 were manually reviewed. A baseline diagnosis of EoE was confirmed upon symptoms of esophageal dysfunction (dysphagia/food impaction) and esophageal eosinophilia 15 eos/HPF. All patients were re-evaluated on PPI therapy during follow-up. Results: A total of 137 patients were diagnosed with EoE during the study period, of whom 63 (46%) achieved clinicohistologic remission on PPI therapy. The prevalence of autoimmune disorders was low. Mean incidence rate was 8.09 new cases/100,000 inhabitants/year, increasing to 9.95 during the last lustrum and peaking in 2016 with 13.7. This trend coincided with late declining of esophageal biopsies rate. Overall prevalence in 2016 was 81.73 patients/100,000 inhabitants, with the highest prevalence in males between age 35 and 44 years (273 cases/100,000). No seasonal variation was observed in the diagnosis of EoE (53% during pollen season vs. 47%, p ¼ 0.4). Conclusions: In midwestern Spain, incidence (13.7 cases/100,000 inhabitants/year) and prevalence (81.73 patients/100,000 inhabitants) in 2016 have grown remarkably in just one decade, coming closer to those figures recently reported for Crohn's disease in Spain.
Introduction
Eosinophilic esophagitis (EoE) is a chronic, immune/ antigen-mediated esophageal disease characterized clinically by symptoms related to esophageal dysfunction and histologically by eosinophil-predominant inflammation. 1 Since the first descriptions of the disease in the early 1990s, 2, 3 EoE is presently the second cause of chronic esophageal inflammation after gastroesophageal reflux disease (GERD) and the most common cause of dysphagia and food impaction among children and young adults. A recent systematic review with meta-analysis on population-based studies reported a pooled incidence of 3.7/100,000 inhabitants/year and prevalence of EoE of 22.7 cases/ 100,000. 4 However, a remarkably high heterogeneity (I 2 99.9%) was observed for both incidence and prevalence across individual studies, likely due to research bias and variations in awareness and diagnostic criteria. With regards to this latter issue, available guidelines for EoE have systematically recommended ruling out a diagnosis of EoE in those patients with clinical, endoscopic and histological features characteristic of EoE who achieved remission on proton pump inhibitor (PPI) therapy. 1, 5, 6 A prospective series published in 2011 on this new entity, formerly called PPI-responsive esophageal eosinophilia, first questioned these diagnostic criteria. 7 Since then, evolving evidence has shown that EoE patients responders and non-responders to PPI therapy are genetically, mechanistically, and phenotypically indistinguishable, and radically different from those with conventional GERD. [8] [9] [10] Additionally, PPI therapy can exert a similar reduction of Th2 inflammation, restoration of esophageal mucosal integrity, and reversal of the abnormal gene expression signature in responders to PPI therapy, similar to the effects of topical steroids in patients with typical EoE. Thus, a recent consensus international report 11 and updated evidence-based guidelines 12 have suggested considering patients responders to PPI therapy as true EoE patients. Based on the aforementioned data, there might be concerns that exclusion of this subset of patients in epidemiological studies on EoE might have led to an underestimation of the disease. This issue is crucial if we consider that a recent meta-analysis revealed that 50% of pediatric and adult patients with suspected EoE are eventually responders to PPI therapy. 13 The primary goal of this study was to assess the incidence and prevalence of EoE over the past decade in Ca´ceres, Spain. Aside from reporting the first prospective series on EoE responders to PPI therapy, 7 the peculiarity of this health area is that all EoE patients have been systematically re-evaluated after PPI therapy after the first EoE case responder to PPI in 2007.
14 Secondary aims of the study include trends in epidemiological figures, age distribution of the disease, seasonal variation in the diagnosis of EoE and prevalence of autoimmune disorders in our adult cohort of patients.
Methods

Study setting
The study was conducted in the health area of a geographical area located in midwestern Spain, within the autonomous region of Extremadura, sharing a border with Portugal. The study health area covers a population of 196,363 inhabitants, of whom 168,912 (86%) are older than 16 years old and 51% live in rural areas (data from 2014). 15 All patients with suspected EoE living in this area are referred to our gastroenterology clinic at Hospital Universitario San Pedro de Alcantara, which is the referral center for the entire population aforementioned. Noteworthy, our Department of Gastroenterology is the referral center for emergency endoscopy for food bolus impaction from 3 p.m. on weekdays and for the entire weekend. There are two private gastroenterology clinics in our health area, but both also refer most of their EoE patients after the initial diagnosis to our gastroenterology clinic for specific treatment. All patients included gave their consent for endoscopic procedures and scientific use of clinical data. This study was approved by the institutional review board at Hospital Universitario San Pedro de Alcantara.
EoE definition and case identification
All newly diagnosed adult (16 years old) EoE patients from our health area between January 1, 2007 and December 31, 2016, were consecutively included in a prospective registry if they had upper gastrointestinal symptoms suggestive of esophageal dysfunction (e.g. dysphagia, food impaction, heartburn, reflux, chest pain) and infiltration of esophageal biopsies by 15 or more eosinophils per high-powered field (eos/HPF).
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Other potential causes of esophageal eosinophilia, including eosinophilic gastroenteritis, Crohn's disease, drug hypersensitivity, parasites, esophageal caustications, hypereosinophilic syndrome, vasculitis, pemphigoid, connective tissue disorder, and graft-versus-host disease were ruled out based on medical records. All patients fulfilling our EoE definition underwent an eight-week PPI therapy and were endoscopically re-evaluated with esophageal biopsies.
The year 2007 was chosen as the starting year for the registry since the first EoE patient was diagnosed in our clinic that very year. 13 A patient search was carried out in the registry; in addition, all reports from all endoscopic procedures performed since 2007 were also revised, and they were also cross-checked with databases from our previous studies 7, 8, [16] [17] [18] and with the electronic database of the Pathology Department, which was also used to estimate the annual esophageal biopsy rates. This rate was defined by the annual number of endoscopies in which esophageal biopsies were taken because of clinical and/or endoscopic suspicion of EoE. This figure was then divided by 10 (e.g. 9.4 represents 94 endoscopies with esophageal biopsies in one year)
Data extraction
Demographic, age at diagnosis, type and duration of symptoms before diagnosis, clinical, endoscopic and histological data were extracted from electronic medical records. Likewise, follow-up data were all obtained from electronic medical records. All endoscopic procedures in which esophageal biopsies were specifically taken for a clinical (dysphagia/food impaction) or endoscopic suspicion of EoE were recorded. The pollen season in Ca´ceres was defined from March to July, according to the local aerobiologic information provided by the Spanish Society of Allergy and Clinical Immunology. 19 To calculate the incidence of EoE, the number of new patients was identified for each year of the study, and then divided by the total population of the health area of Ca´ceres for the corresponding year. To calculate the prevalence of EoE, the cumulative number of patients for each year of the study was divided by the total population of our health area for the corresponding year. Data from populations for each year, broken down by gender and age, were obtained from official databases from the Spanish National Institute of Statistics (Instituto Nacional de Estadistica, INE) for each year within the study period. Figures referred to groups of 100,000 inhabitants.
Statistical analysis
The SPSS (version 21.0; SPSS Inc, Chicago, IL, USA) statistical analysis package was used. Categorical variables were described with percentages, and continuous variables were described with mean standard deviation or median (range) as appropriate. Associations between categorical variables were tested with the chi 2 test (with Fisher correction when necessary), and continuous data were assessed using the two-sample t test or the MannWhitney U test for parametric and nonparametric data, respectively. p values lower than 0.05 were considered statistically significant.
Results
Baseline characteristics
During the study period, 137 patients resident in our health area were diagnosed with EoE, combining symptoms of esophageal dysfunction and esophageal eosinophilia > 15 eos/HPF. Fifty-nine additional adult EoE patients included in our registry were excluded from the analysis since they belonged to different health areas than ours. Baseline characteristics of the included patients are summarized in Table 1 . As expected, young age (mean 36), male predominance (73%), atopic comorbidities (69%) and dysphagia (92%) were notably common. With the exception of hypothyroidism (6.5%), there was no increased prevalence of autoimmune diseases, including celiac disease, inflammatory bowel disease or systemic sclerosis. As for the age distribution, cases steadily increased, peaking in the 35-year to 44-year age range, with a sharp decrease after the age of 45. Of note, 63 patients (46%) achieved clinical and histological remission on PPI therapy.
Incidence
The incidence rates of EoE have rapidly increased in our health area over a 10-year period, since the first adult EoE case reported in 2007 (Table 2) . Mean incidence was 8.09 new cases/100,000 inhabitants/year, but this figure increased to 9.95 cases/100,000/year during the last lustrum (2012-2016) and peaked in 2016 with 13.7 cases/100,000/year. Rising incidence of EoE was much more remarkable in males (mean 12.27/ 100,000/year, 15.37/100,000/year from 2012 to 2016) compared to that observed in females (mean 4.14/ 100,000/year, 4.87/100,000/year from 2012 to 2016). This temporal trend, broken down by gender, is illustrated in Figure 1 .
Prevalence
Consequently, the prevalence of EoE has dramatically risen in our health area during the study period. The figures, broken down by year and gender, are summarized in Table 3 and Figure 1 . Mean prevalence was 37.16 cases/100,000, rising to 59.54 cases/100,000 over the last lustrum. Peak overall prevalence was reported in 2016, with 81.73 patients/100,000 inhabitants. As for age and gender groups, the highest prevalence rates in 2016 were reported in males between 16 and 24 (232 cases/100,000), 25 and 34 (199 cases/ 100,000) and especially between 35 and 44 (273 cases/ 100,000) ( Figure 2 ).
Impact of rates of esophageal biopsies
The reported increasing epidemiologic trends in EoE cases were initially associated with a parallel rising rate of esophageal biopsies, but peaking figures in 2015 and 2016 coincided with a further declining of esophageal biopsies rate ( Figure 3 ).
Seasonal variation
We found no seasonal variation in the diagnosis of EoE in our study. A similar number of cases were diagnosed in and outside the pollen season (53% vs. 47%, p ¼ 0.4).
Food impaction as onset of the disease and during follow-up
During the study period, 53 patients (39%) were diagnosed with food bolus impaction requiring emergency endoscopy. There were no differences in the proportion of patients diagnosed through emergency endoscopic removal between the first and second lustra of the study period (39% vs. 38%, p ¼ 0.6). Thirty-six patients (26%) were lost to follow-up, of whom eight (30%) suffered further food bolus impaction requiring endoscopic removal. Three out of these eight patients were responders to PPI therapy.
Diagnostic delay compared between 2007-2011 and 2012-2016
There were no differences observed in the diagnostic delay (considered as the length from the onset of symptoms to the first diagnostic endoscopy), between the first and second lustra of the study period (54.2 months (0-240) vs. 52.28 months (0-324), p ¼ 0.8).
Discussion
The present population-based study confirms an escalating epidemiologic trend of adult EoE, with similar or slightly higher incidence rates than those recently reported in the United States, 20   Spain   21   and  Switzerland. 22,23 Noteworthy, we herein report the highest prevalence for adult EoE ever reported so far. 4 This finding is likely explained by systematic inclusion of responders to PPI therapy (46% in the present study). This subset of patients has been excluded from multiple previous studies, following the recommendations of 2007, 5 2011 1 and 2013 6 guidelines. However, most recent consensus and evidence-based recommendations 11, 12 have underscored that no objective evidence can distinguish responders to PPI therapy from EoE patients, so these patients should likely be included within the EoE spectrum. As such, it is conceivable that most population-based studies might have previously underestimated the magnitude of EoE.
It is interesting to note that incidence rates for EoE reported in the present manuscript are similar to the most recent data for Crohn's disease in Spain (incidence 8.9/100,000/year 24 and 9.1/100,000/year 25 ). Since Crohn's disease was first described as a clinic and pathologic entity in 1932, 26 its current prevalence from the most recent Spanish data (137.17/100,000 25 ) is still far, but not that far, from the young EoE in Spain in 2016 (81.73/100,000). One can speculate whether EoE and Crohn's disease are parallel emerging modern westernized diseases. 27 As for EoE, large numbers of cases have been reported in westernized countries (North America, Western and Eastern Europe, and Australia), with fewer cases in South America, Asia and the Middle East. 28 Cases from Northern Africa have recently been reported, and, as of yet, none in Sub-Saharan Africa or India. 28 Thus, EoE is becoming a global disease affecting children and young adults who will suffer this chronic condition for several decades. Likewise, Crohn's disease has been reported worldwide, but the incidence and prevalence also appear to be lower in Asia and the Middle East. 29 Overall, we do believe that epidemiological figures of EoE will soon catch up with Crohn's disease, with similar and even higher prevalence rates than that of Crohn's disease likely expected for EoE in the next 10-20 years if the current epidemiologic trends persist. 27 In line with previous findings by Dellon et al., 20 we corroborated that the prevalence of EoE steadily increases from adolescence and peaks in the age group between 34 and 45 years old, sharply decreasing after 45 years old. This is a counterintuitive finding, given the fact that EoE is a chronic and nonfatal disease, so the prevalence should theoretically continue to increase with age. Therefore, it is interesting to speculate whether EoE patients have been and are exposed to a triggering risk factor that was not present before the early 1990s. 28 Similar to a recent study, 30 we also demonstrate that increase in new EoE cases outpaced the use of endoscopic biopsy to rule out EoE. Contrary to another recent study, 31 we could not find an increased prevalence of autoimmune disorders in our cohort of adult EoE patients. Only autoimmune hypothyroidism (6.5%) was more common that that expected in the general population and was almost universally present in women. Likewise, we could not observe a seasonal variation in the diagnosis of EoE. A first systematic review with meta-analysis found no significant variations in the seasonal distribution of either the diagnosis or clinical recrudescence of EoE throughout the year. 32 Unfortunately, we could not prove enhanced rates of early detection of the disease or reduction of emergency endoscopies for food bolus impaction over time. Although lack of awareness on the importance of the disease may play a role, these findings likely reflect adult patient reluctance to consult for dysphagia or intermittent food impaction, since they are considered mild or unimportant symptoms.
The present study exhibits a number of strengths, including systematic PPI therapy for all patients with suspected EoE, prospective inclusion of all consecutively diagnosed patients in the supporting registry, and cross-checking with endoscopy and pathology databases, which allowed us to avoid fragmented medical record systems or resort to lack of validated disease definitions or coding definition. Limitations of the study might be our missing a small proportion of patients from private gastroenterology clinics not rereferred to our gastroenterology unit and the generalizability of our results. Unlike Ca´ceres (51% living in rural areas), only 13% of the Spanish population still live in rural areas. Accordingly, our findings may not necessarily be extrapolable to other populations within the same country, especially those living in urban areas.
In conclusion, the incidence and prevalence of EoE in Ca´ceres, located in midwestern Spain, have dramatically risen since the first case report in 2007. Currently, the incidence is similar to that recently reported in Spain for Crohn's disease and the prevalence, despite a 70-year gap, is becoming steadily closer to that of Crohn's disease. Indeed, the present study reports the highest prevalence for adult EoE ever reported so far. Our data likely underscore the real magnitude of an emergent relatively young disease. EoE is becoming a global disease affecting children and young adults who will suffer this chronic condition for several decades. This epidemiologic trend should lead to increased awareness campaigns, research about the early triggering factors of the disease and development of effective preventive strategies.
